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Radon is the most important natural radioactive factor harmfully influencing the human population, because radon 
is radioactive gas comes from the natural decay of uranium deposits in soil, rocks, and water, which is harmful on human 
and environment. The radon concentrations and exhalation rate were measured using passive technique with CR-39 
detector in the building materials from the local market of Dakahlia Governorate. The average values of radon 
concentrations are ranged from 47.88 to 820.51 Bqm 3 . From the obtained results we can conclude that the values of 
granite higher than the different other materials. This study can be used as reference information to assess any changes in 
the radioactive background level in our houses and detect any harmful radiation that would affect the human. 
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Natural occurring radionuclides enter the human body mainly by inhalation of radon and thoron gases and by 

222 ^26 

ingestion of primordial radionuclides and their progeny [1]. " Rn is produced through a-decay of " Ra in the soil is the 
only gaseous decay in this series as a noble gas, part of the 222 Rn emanates from the soil grains into the air and diffuse to 
the atmosphere. Construction materials are sources of indoor airborne radioactivity and external radiation from the decay 
series of uranium in buildings. Radon is perhaps the most important natural radioactive factor harmfully influencing the 
human population, because radon is radioactive gas comes from the natural decay of uranium deposits in soil, rocks, and 
water, which is harmful on human and environment [2]. Building and industrial materials, which are brought from the 
deserts like sands, also contribute to environmental radioactivity in two ways, first, by gamma radiation mainly 226 Ra, 
232 Th, 40 K and their progenies to a whole body dose and in some cases by beta radiation to a skin dose, and secondly by 
releasing the noble gas radon, its radioactive daughters, which are deposited in the human respiratory tract [3]. 
Radionuclides present in building materials are responsible for both external and internal exposure. The external exposure 

238 232 

is caused by gamma rays emitted mainly by radionuclides of uranium U and thorium Th decay series as well as 
potassium 40 K. The internal exposure is caused by 222 Rn and its short-lived decay products. Radon is an alpha emitter that 
may be easily inhaled and its descendants may be deposited in tissues of the respiratory tract [4]. Radiation include 
external sources, such as cosmic rays and radioactive materials in the ground, building materials, internal sources resulting 
from inhalation and ingestion of naturally occurring radioactive materials (NORMs) in air. Radioactive materials are found 
naturally as trace elements in soil, rocks, building materials, ground water, air and vegetation [5-6]. Most of the radon in 
indoor air comes from soil underneath the home. As uranium breaks down, radon gas forms and seeps into the house. 
Radon from soil can get into any type of building homes, offices, schools and build up to high levels in the air inside the 
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building [7]. Rn concentration indoors depends primarily on the construction of the building and the amount of Rn in 
the underlying soil. Daughter nuclides following radon decay, attached to microscopic dust's particles are inhaled and emit 
alpha particles, which effectively cause biological damages to the lung cells. The continuous damage produced by alpha 
particles emitted from radon in lungs may cause cancer [8-9]. 

Radon in indoor spaces may originate from exhalation from rocks and soils around the building or from 
construction materials used in walls and floors. Radon levels are generally highest in cellars and basements because these 
areas are nearest to the source and are usually poorly ventilated. Radon can escape out of the ground and build up in 
confined spaces, particularly underground in basements of buildings, caves, mines and ground floor buildings [10]. Passive 
technique, which used in the present study based on the registration of alpha tracks from 222 Rn on alpha sensitive track 
detector that was developed for radon exploration. The detector is exposed to the soil gas for a specific period of time. 
The alpha tracks are registered on the detector and the tracks density gives a measure of 222 Rn concentration in the building 
materials. As it is a very simple technique, it can be implemented easily for field studies, since they do not require 
electronic system. 

The present work is aiming to determine the radon concentrations and radon exhalation rate in the samples of 
building materials from local market of Dakahlia Governorate, in order to detect any harmful radiation that would affect 
the human and radioactivity background levels in Egyptian building materials which, can be used as reference information 
to assess any changes in the radioactive background level in our houses. 

MATERIALS AND METHODS 

Forty samples from different type of building materials were collected from the local market of Dakahlia 
Governorate. The samples were measured using passive technique (Can Technique) to determine the values of radon 
concentration and exhalation rate with CR-39 detector. The rock samples are crushed to a grain size 1 mm, and placed into 
sample containers. All samples were dried in oven at 1 10°C for 3hr, minced, sieved by 1-mm mesh, weighted and carefully 
sealed for 61 days in cylindrical containers made from a good kind of plastic with dimensions of 9 cm in diameter and 16 
cm in depth. Each sample container was capped tightly to an inverted cylindrical plastic cover as shown in Figure 1. 
The calculations relied on establishment of secular equilibrium in the samples due to the much smaller life time of 

9^9 9^8 

daughter radionuclides in the decay of Th and U series. 

A piece of CR-39 of 700 |im thickness (American Technical Plastic, Inc.) detector of area 1.5 cm xl.5 cm fixed at 
the bottom center of the inverted plastic cover. During the exposure time of a-particles from the decay of radon and their 
daughters, bombard the CR-39 detector in the air volume of the cylindrical containers. After the irradiation period, the 
bombarded detectors were collected and chemically etched in NaOH solution 6.25N at 70°C for 7 hr [1 1]. 

After etching, CR-39 detectors were washed in distilled water and then dipped for few minutes in a 3 % acetic 
acid solution, washed again with distilled water and finally air-dried. The track density was determined by using optical 
microscope [12-13] which calibrated before usages. The background of CR-39 track detector was counted by optical 
microscope and subtracted from the count of all detectors [14]. The value of radon concentration in (Bqm 3 ) at secular 
equilibrium is given by the following equation: 
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Where, C Rn is radon concentration (Bqm 3 ), p is the track density (track cm" 2 ), T is the exposure time (day), and r| 
is the calibration coefficient of CR-39 nuclear track detectors obtained from the experimental calibration 0.22 + 0.04 tracks 
cm~ 2 day"'/Bqm~ 3 of radon, respectively [15-16-17]. The relation gives radon exhalation rate: 

b a — 



A d<w (2) 

Where, E A is the surface exhalation rate in (Bqm" 2 h _1 ), C is the radon concentration in (Bqm 3 ), X is the decay 
constant of radon (h" ), V is the effective volume of the cup (m 3 ), A is the area covered by the can (m 2 ) and t is the 
irradiation time [18]. 

CVA 



E M ~ M^-lt) (3) 

Where, E M is the mass exhalation rate in (Bqkg 'h 1 ), C is the radon concentration in (Bqm 3 ), X is the decay 
constant of radon (h~ ), V is the effective volume of the cup (m 3 ), M is the mass of sample (kg) and t is the irradiation 
time[19-20-21]. The annual absorbed dose rate (D Rn ) was calculated according to the following equation: 

D (mSv y 1 ) = C Rn .D. H. F. T (4) 

Where, Cr„ in Bqm -3 is the measured mean radon activity concentration in air, F=0.4 is the indoor equilibrium 
factor between radon and its progeny, H is the indoor occupancy factor (0.4), D is the dose conversion factor (9xl0 6 mSvh" 
1 per Bqm" 3 ) and T is the indoor exposure time in hours per year which, equal the following value: 

T= 0.8x24 h X365.25 days = 7013 h y" 1 

The annual effective dose rate was calculated according to the following equation: 

H E (mSvy 1 ) = D. W R .W T (5) 

Where D is annual absorbed dose, W R is radiation weighting factor for alpha particles which equal 20 and W T is 
tissue weighting factor for the lung equal 0.12 [22]. The concentration of the radon progeny in air is very dependent upon 
ventilation and humidity, so that we calculate the working level (WL). Working level exposure estimates determine if 
workplaces are compliant with recommended exposure limits and also provide guidance on the appropriate level of 
personal protection needed if administrative and engineering controls are unable to reduce radon levels to acceptable 
concentrations. The working levels given using the following equation: 

CR n xF 



WL = 



3700 (6) 



Where, Cr„ is radon concentration in (Bqm 3 ) and F is the equilibrium factor for radon has been taken as 0.4 as 



suggested by [23]. 



Figure 1: Cylindrical Container Made of Plastic 
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RESULTS AND DISCUSSIONS 

The values of radon concentration (C Rn ), area exhalation rate (Ea), mass exhalation rate (E M ) of the building 
materials are given by Tables 1. The values of radon concentrations in Bqm 3 are ranged from 123.77 to 266.39 for black 
cement, 41.95 to 53.80 for white cement, 52.16 to 75.85 for gypsum, 178.68 to 349.77 for sand, 43.95 to 108.71 for 
ceramic, 150.67 to 271.23 for marble, 65.64 to 152.83 for brick, 359.98 to 366.46 for stone, 47.39 to 113.04 for gravel and 
531.44 to 1348.73 Bqm" 3 for granite. 

The values of radon concentrations in Al-Mesalh black cement has a high value but El-Askeria black cement has 
low value. In the case of white cement the value of radon concentration in Helwan white cement has high value but Sinai 
white cement has low value. Super Sinai gypsum has high value of radon concentration but Al-Bulah gypsum has low. 
Yellow sand (Kom Hamada) has a high value of radon concentration but White sand (Al-Sharqia) has a low value. 
Al-Amear ceramic has a high value of radon concentration but Alpha ceramic has a low value. Green marble (Indian) has a 
low value of radon concentration but White marble (Turkish) has a high value. The values of radon concentration in Red 
brick have a high value but Jerry brick has a low value. Hashemi stone (Egyptian) has a high value of radon concentration 
but Mica stone (Egyptian) has a low value. Al-Sharqei gravel (Salehia) has a low value of radon concentration but Kom 
Hamada gravel has a high value. Rose granite has a low value of radon concentration but Jandola granite has a high value. 

Figure 2 gives the relation between the type of the sample and radon concentration. 

The values of area exhalation rate in (Bqm" 2 h"') and mass exhalation rate in (Bqkg" h" ) of radon were calculated 
and the average values were given in Table 2. The average values of area exhalation rate in (mBqm" h" ) of black cement is 
239.42 and 61.84 of white cement,83.74 of gypsum, 331.14 of sand, 107.44 of ceramic, 270.23 of marble, 140.43 of bricks, 
467.68 of stone, 113.69 of gravel and 1059.92 of granite. 

Figure 3 shows the relation between the sample and area exhalation rate of radon, from the figure we find that the 
granite sample has a high value. The variation in the values of radon concentrations due to the difference in the chemical 
composition and the geological form of the samples. 

The average values of mass exhalation rate in (mBqkg 'h 1 ) of radon for black cement is 3.22 and 0.86 of white 
cement, 1.63 of gypsum, 3.12 of sand, 1.43 of ceramic, 3.09 of marble, 1.68 of bricks, 5.46 of stone, 1.17 of gravel and 
11.20 of granite. 

Figure 4 shows a linear correlation between radon concentration and area exhalation rate. The correlation 
coefficient is equal R 2 =1, which is a very good correlation. The values of annual absorbed dose and the working level 
were calculated. The values of working level (WL) and annual absorbed dose (D) of the building materials are given by 
Table 1. 

The average values of working levels in (mWL) are ranged from 5.13 to 88.67 and the average values of annual 
absorbed dose in (mSvy 1 ) of black cement is 2.34 and 0.60 of white cement, 0.81 of gypsum, 3.23 of sand, 1.04 of 
ceramic, 2.64 of marble, 1.37 of bricks, 4.57 of stone, 1.11 of gravel and 10.34 of granite. 

A granite sample has a high value of annual absorbed dose, but White cement has a low value. Figure 5 gives the 
comparison between the values of annual absorbed dose of the samples of building materials, from this the annual 
absorbed dose of Granite has a high value but White cement has a low value. 
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Table 1: Radon Concentration (C rn ), Area Exhalation Rate (E A ) and 
Mass Exhalation Rate (E M ) for Building Materials 



Sample 


No. 


Sample Name 


(Bq m 3 ) 


E A 

(mBqm-li- 1 ) 


E m 

(mBqKgihi) 


mWL 


D 

(mSvy- 1 ) 


+j 
s 

E 

B 

u 
it 

a 
a 

PQ 


1 


AL-Altamier 


1S9.41 ± 10.05 


243.50 ±12.10 


3.10 ± 0.16 


20.40 


2.38 


2 


EL- Askeria 


123.77±8.19 


159.76 ±10.09 


2.35 ±0.15 


13.41 


1.56 


3 


AL-Amerya 


147.46 ±8.94 


189.39 ±11.11 


2.84±0.17 


15.85 


1.85 


4 


AL-Shora 


180.77 ±9.83 


233.19±11.09 


3.15 ±0.15 


19.57 


2.28 


5 


AL-Mesalh 


266.39 ± 11.99 


342.71 ± 14.05 


4.23 ±0.17 


28.74 


3.35 


6 


AL- Waha 


207.74 ±10.55 


267.98 ± 12.21 


3.79±0.18 


22 42 


2.62 


White 
Cem. 


1 


Sinai 


41.95 ±5.36 


54.11 ±6.43 


0.81 ±0.16 


4.51 


0.52 


2 


Roval 


47.91 ±4.76 


61.84 = 6.24 


0.78 ±0.06 


5.11 


0.60 


3 


Helwan 


53.80 ±5.06 


69.57 ±6.76 


0.98 ±0.09 


5.82 


0.68 


Gypsum 


1 


AL-Medena 


62.44 ±5.81 


^9.SS =6.80 


1.49±0.16 


6.70 


0.78 


2 


Sinai 


69.97±6.11 


90 IS =7.32 


1.68 ±0.15 


7.57 


0.88 


3 


Al-Bulah 


52.16 ± 5.29 


66.99 ±6.12 


1.52 ±0.14 


5.66 


0.65 


4 


Super Sinai 


75.85 ± 6.40 


97.91 ±7.33 


1.84 ± 0.1 1 


8.21 


0.95 


Sand 


1 


Yellow (AL- 
Sharqia) 


232.48 ±11.17 


298.90 ±14.11 


2.61 ±0.10 


25.08 


2 92 




White (AL- 
Sharqia) 


178.68 ±9.83 


230.62 ±11.01 


2.32 ±0.13 


19.35 


2.25 


3 


Yellow (Kom 
Hamada) 


349.77 ±13.71 


450.93 ±16.76 


4.27 ±0.16 


37.80 


4.41 


4 


White (Kom 
Hamada) 


267.43± 11.99 


344.11 ± 14.12 


3.28±0.12 


28.85 


3.36 


Ceramic 


1 


Kilopatra 


95.30 ±7.15 


122.39±9.77 


1.66±0.17 


10.22 


1.19 


2 


AL- Amear 


108.71 ±7.67 


140.43 ±9.75 


2.13 ±0.15 


11.71 


1.37 


3 


Alpha 


43.95 ±4.84 


56.68 ±5.33 


0.63 ±0.05 


4.72 


0.55 


4 


AL-Jeohara 


87.18 ±6.78 


112.09 ±7.44 


1.42 ±0.94 


9.44 


1.09 


5 


Roval 


82.33 ±6.63 


105.64 ±7.55 


1.32 ±0.09 


8.80 


1.03 


Marble 


1 


Cecilia 
(Italian) 


235.69 ± 11.25 


304.06 ± 14.22 


3.49 ±0.13 


25.51 


2.97 


2 


Ajnblador 
(Spain) 


180.77 ±9.83 


233.19 ± 11.22 


2.69 ± 0.15 


19.53 


2.28 


3 


White 
(Turkish) 


271.23 ±12.07 


349.15 ±15.13 


3.72 ±0.18 


29.24 


3.41 


4 


Green (Indian) 


150.67 ±9.01 


194.54 ±11.27 


2.49 ± 0.18 


16.31 


1.90 


M 

y 

fa 

— 


1 


White cement 


101.71 ±7.37 


131.41 ±9.01 


1.41 ±0.09 


11.02 


1.28 




Red 


1ST 83 ± 9 09 


197.12 ± 1 1.07 


2.52 ± 0.91 


16.51 


1.92 


3 


Thermal 


114.60 ±7.82 


148.16±9.44 


1.79 ±0.71 


12.40 


1.45 


4 


Jerry 


65.64 ±5.96 


85.03 ±6.32 


0.99 ±0.07 


7.11 


0.83 


Stone 


1 


Hashemi 
(Egyptian) 


366.46 ± 14.00 


471.55 ± 18.42 


6.01 ±0.92 


39.54 


4.61 


2 


Maica 
(Egyptian) 


359.98 ±13.93 


463.82 ± 16.38 


4.93 ±0.51 


38.93 


4.54 


Gravel 


1 


AL - Sh ar q e i 

1 s\ 1 alvcl 1 


112.44 ±7.74 


144.29 ±9.73 


1.83 ±0.08 


12.11 


1.41 


2 


AT ?harnpi 

(Salehia) 


47.39 ±5.06 


60.55 ± 446 


0.68 ±0.07 


5.08 


0.59 


3 


AL- 

Hamraad) 


80.70 ±6.55 


104.35 ±7.77 


1.13 ±0.08 


8.71 


1.02 


4 


Kom Hamada 


113.04 ±7.82 


145.58 ±9.90 


1.57±0.09 


12.22 


1.42 


Granite 


1 


Rose 


531.44 ± 16.84 


686.32 ±20.65 


6.94 + 0.92 


57.40 


6.69 


2 


Jjtndola 


1348.73 ± 
26.90 


1744.12 ±33.89 


19.98 ±0.83 


145.83 


17.01 


3 


Ghazal 


589.79 ±17.80 


"59.11 =21.33 


7.68 ±0.92 


63.6" 


7.42 


4 


Maltk Brown 


812.09 ±20.86 


1050.14 ±25.53 


10.95 ±0.82 


87.78 


10.24 
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Table 2: The Average Values of Radon Concentration (C rn ), Area Exhalation Rate (E A ), Mass 
Exhalation Rate (E M ), Working Level (WL) and Annual Absorbed Dose (D) for Building Materials 



Sample 


Crj, 

(Bq m" 3 ) 


E A 

(mBq m" 2 h" 1 ) 


Em 

(mBq Kg" 1 h" 1 ) 


mWL 


D 

(mSvy _1 ) 


Black Cement 


i or AO 

185.92 


239.42 


3.22 


20.03 


2.34 


White Cement 


47.88 


61.84 


0.86 


5.13 


0.60 


Gypsum 


65.10 


83.74 


1.63 


7.00 


0.81 


Sand 


257.09 


331.14 


3.12 


27.75 


3.23 


Ceramic 


83.49 


107.44 


1.43 


8.96 


1.04 


Marble 


219.59 


270.23 


3.09 


22.62 


2.64 


Bricks 


108.69 


140.43 


1.68 


11.75 


1.37 


Stone 


363.22 


467.68 


5.46 


39.20 


4.57 


Gravel 


88.39 


113.69 


1.17 


9.52 


1.11 


Granit 


820.51 


1059.92 


11.20 


88.67 


10.34 



Table 3: The Comparison between the Obtained Results and the Published 
Data for Building Materials in Different Countries 




Egypt 


Marble 
Granite 




A T~i 1 

0.33 -1.25 

A OA 1 1 A 

0.29 -1.10 




[23] 




Black Cem. 


144 


0.093 


0.24 






White Cem. 


136 


0.088 


0.11 




Egypt 


Sand 
Ceramic 


108 
192 


0.070 
0.124 


0.17 
0.62 


[24] 




Bricks 


137 


0.088 


0.35 






Gypsum 


/ 1 


U.U40 


A 1 A 

U. 1U 




Iraq 


Stone 


izl 


u. // 




r 1 m 
[19] 




Sand 


480.71 


0.345 






Iraq 


Gravel 
Gypsum 


391.69 
284.86 


0.272 
0.156 




[25] 


Iraq 


Marble 


426 


0.324 




[26] 




Marble 


240 


0.438 


6.06 






Ceramic 


193 


0.347 


4.88 




Palestine 


Graval 


69 


0.126 


1.75 


[27] 




Granit 


322 


0.589 


8.12 






Gypsum 


31 


0.055 


0.79 




India 


Black Cem. 


332 


0.263 


0.53 


[28] 


White Cem. 


550 


0.299 


0.62 




Bricks 


190 








India 


Granit 
Sand 


300 
238 






[29] 


K. S.A 


Granite 




0.33 -1.25 




[30] 


Greek 


Granite 




1.24-3.54 




[31] 


ICRP 




200 - 600 






[32] 




Black Cem. 


186 


0.238 


2.34 






White Cem. 


48 


0.061 


0.60 






Sand 


257 


0.331 


0.81 






Marble 


210 


0.270 


3.23 




Egypt 


Ceramic 
Graval 


83 
88 


0.107 
0.113 


1.04 

2.64 


The present study 




Bricks 


109 


0.140 


1.37 






Granit 


820 


1.059 


4.57 






Gypsum 


65 


0.083 


1.11 






Stone 


363 


0.467 


10.34 
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Figure 2: The Relation between the Sample Name and Radon 
Concentration of the Building Materials 
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Figure 3: The Relation between the Sample Name and Area 
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Figure 4: The Correlation between Radon Concentration and Area 
Exhalation Rate of the Building Materials 
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Figure 5: The Comparsion between the Annual Absoebed 
Dose of the Building Materials 



CONCLUSIONS 

This study can be used as reference information to assess any changes in the radioactive background level in our 
houses and detect any harmful radiation that would affect the human. From the obtained results we find that granite 
samples have high concentration of radon than the other building materials. The variations in the values of radon 
concentrations due to the difference in the chemical composition and the geological form of the samples. 

The measurements of radon exhalation rate are good indicator for the radon concentrations present in the samples. 
The obtained results showed that the radon exhalation rate varies linearly with radon concentration as shown in Figures 4. 
Most of the indoor radon values lie in the range of action levels from 200 to 600 Bqm" 3 recommended by the International 
Commission on Radiological Protection [35]. But in the granite samples are higher than the recommended limit. 

The upper limits for indoor radon concentration in most European countries are 200 Bq m~ 3 for new buildings and 
400 Bq m~ 3 for old buildings [36]. This value is below the radon reference level which ranges from 200-600 Bq/m 3 as 
recommended by ICRP, IAEA, and is lower than the USA intervention radon level. 

The values of annual absorbed dose higher than the reported worldwide values which indicate the safe use of 
these sediments as building materials which, equal 0.3 mSvy" 1 [7]. The corresponding worldwide average value is equal 
lmSvy -1 [4] and corresponds to the annual effective dose equivalent of 1 mSvy" 1 for general public [37]. 

The dose limit of the permissible effective dose from occupational radiation exposure is 20 mS y" 1 in all European 
countries (in the USA 50 mS y" 1 ). From the previous discussion we conclude that the results are agreement with the 
published data for building materials in different countries as shown in Table 3. In the end we can protect ourselves from 
radon risk and harmful effects on the human body by ventilation of our house. 

REFERENCES 

222 220 

1. Misdaq, M. A. and Mortassim, A., 2008. Rn and Rn concentrations measured in various natural honey 
samples by using nuclear track detectors and resulting radiation doses to the members of the rural populations in 
Morocco. Radiat. Port. Dose. pp. 1-4. 



Impact Factor (JCC): 1.9845 



Index Copernicus Value (ICV): 3.0 



Determination of Radon Concentrations in Some Building Materials Using Passive Technique 



43 



2. Swakon, J., Kozak, K., Paszkowski, M., Gradzinski, R., Loskiewicz, J., Mazur, J., Janik, M., Bogacz, J., 
Horwacik, T. and Olko, P., 2005 Radon concentration in soil gas around local disjunctive tectonic zones in the 
Krakow area. J. Environ. Radioact., 78, pp. 137-149. 

3. Quindos, L. S., Fernandez, P. L., and Soto J., 1987. Building materials as source of exposure in houses. In: Seifert, 
B. Esdorn H. (Eds.), Indoor Air, 87 (2), Institute for water, soil and air hygiene, Berlin, pp. 365. 

4. UNSCEAR 2000. Sources and effects of ionizing radiation. Report to the General Assembly with scientific 
annexes. United Nations, New York. 

5. UNSCEAR, 1988. Sources Effects and Risks of Ionizing Radiation. UNSCEAR- 1988 Report to the General 
Assembly, with annexes. United Nations sales publication E. 88. IX. 7. United Nations, New York, 1988. 

6. UNSCEAR, 1993. Sources and Effects of Ionizing Radiation. UNSCEAR-1993 Report to the General Assembly, 
with scientific annexes. United Nations sales publication E. 94. IX. 2. United Nations, New York, 1993 

7. IAEA, 2003. Radiation Protection against Radon in Workplaces other than Mines. Safety Reports Series No. 33, 
IAEA, Vienna. 

8. Tzortzis, M., Tsertos, H., 2004. Determination of thorium, uranium and potassium elemental concentrations in 
surface soils in Cyprus, J. Environ. Radioact. 77 (3), pp. 325-338. 

9. Michael, F., Parpottas, Y., Tsertos, H., 2011. Gamma radiation measurements and dose rates in commonly used 
building materials in Cyprus. Radiat. Prot. Dosim, 142, pp. 282-291. 

10. Abd El-Zaher and Fahmi. Study the variation of radon level in some houses in Alexandria city, Egypt. IX 
Radiation Physics & Protection Conference, 15-19 November 2008, Nasr City - Cairo, Egypt. 

11. Yip, C. W. Y., Ho, J. P. Y, Nikezic, D, and Yu, K. N, 2003. Study of inhomogeneity in thickness of LR-115 
detector with SEM and form Talysurf. Radiat. Meas. 36, pp. 245 -248. 

12. Hafez, A. F., Hussein, A. S. and Rasheed, N. M., 2001. A study of radon and thoron release from Egyptian 
building materials using polymeric nuclear track detectors. Appl. Radiat. Isot. 54, pp. 291-298. 

13. Kumar, R., Scngupta, D. and Prasad, R., 2003. Natural radioactivity and radon exhalation studies of rock samples 
from Surda copper deposits in Singh Hun Shear zone. Radiat. Meas. 36, pp. 551 - 553. 

14. Abo-Elmagd, M., Mansy, M., Eissa, H. M. and El-Fiki, M. A., 2006. Major parameters affecting the calculation 
of equilibrium factor using SSNTDs measured track densities. Radiat. Meas. 41, pp. 235-240. 

15. Abdel-Ghany Hayam, A., 2005. Variability of radon concentrations in different compartments of dwelling in 
Egypt. Med. J. Islam. World Acad. Sci. 15(4), pp. 153 -156. 

16. Hafez, A. F., El-Farrash, A. H, and Yousef, H. A., 2011. Determination of Radon Concentration in Some 
Environmental Samples using Cup Technique. Journal of Environmental Sciences, 40(4), pp. 535- 548. 

17. Wafaa Arafa, 2004. Specific activity and hazards of granite samples collected from the Eastern Desert of Egypt. J. 
Environ. Radioact. 75, pp. 315-327. 

18. Mohamed Abd-Elzaher.2012. An overview on studying 222 Rn Exhalation rates using passive technique solid state 



www.tjprc.org 



editor@tjprc.org 



44 



Hesham A. Yousef, A. H. El-Farrash, A. Abu Ela & Q. Merza 



nuclear track detectors. American Journal of Applied science, 9 (10), pp.1653- 1659. 

19. Laith A. Najam, Nada F. Tawfiq and Rana Hesham Mahmood, 2013. Radon concentration in some building 
materials in Iraq using CR-39 Track detector. International Journal of Physics, 1 (3), pp. 73-76. 

20. Kakati, R. K., 2014. Radon exhalation rate of soil and indoor radon concentration of various places of Karbi 
Anglong District of Assam. Journal of Applied physics, 6 (4), pp. 13-16. 

21. Nsiah-Akoto I., Fletcher, J. J., Oppon O. C. and Andam A. B., 2011. Indoor radon levels and the associated 
effective dose rate determination at Dome in the greater Accra Region of Ghana. Research Journal of 
Environmental and Earth Sciences 3(2) pp. 124-130. 

22. Mamta Gupta, Mahur A. K., Sonkawade and Verma K. D., 2011. Monitoring of indoor radon and its progeny in 
dwellings of Delhi using SSNTDs. Journal of Advances in Applied Science Research, 2 (5), pp. 421- 426. 

23. Walley, N., El-Dine, El-Sherhaby, A., Ahmed, F. and Abdel-Haleem, A. S., 2001. Measurement of radioactivity 
and radon exhalation rate in different kinds of marbles and granites. Appl. Radiat. Isot. 55, pp. 853- 860. 

24. Shoeib, M. Y, Thabayneh, K. M., 2014. Assessment of natural radiation exposure and radon exhalation rate in 
various samples of Egyptian building materials. Journal of Radiation Research and Applied Sciences, 7, pp.174 - 
181. 

25. Zakariya A. Hussein, Mohamad S. Jaafar, Asaad H. Ismail. 2013. Measurement of radium content and radon 
exhalation rates in building material samples using passive and active detecting techniques. International Journal 
of Scientific and Engineering Research, 4(9), pp. 1827-1831. 

26. Abdul Ridha H. Subber, Waleed H. Mosuwi. 2014. Radon level and gamma ray dose from common building 
materials used in Basrah Sport City, Basrah, Iraq. International Journal of Physics and Research, 4(1), pp. 59-70. 

27. Fathiya. S h., Dwaikat N., Saffarini G, 2012. Measurement of radon exhalation rate from building materials. 
Research, Reviews Journal of Physics, 2(1), pp. 2278-2265. 

28. Nain, M., Chauhan, R. P., Chakarvarti S. K., 2006. Alpha radioactivity in Indian cement samples. Iran. J. Radiat 
.Res, 3(4), pp. 171-176. 

29. Sonkawade R. G., Kant K., Muralithar S., Kumar R., Ramola R. C, 2008. Natural radioactivity in common 
building construction and radiation shielding materials. Atmospheric Environment, 42, pp. 2254 -2259. 

30. Tufail, M., Nasim, A. and Waqas, M., 2006. Measurement of terrestrial radiation for assessment of gamma dose 
from cultivated and barren saline soils of Faisalabad in Pakistan. Radiat. Meas. 41, pp. 443-451. 

31. Stoulos, S., Manolopulou, M. and Papastefanou, C, 2003. Assessment of natural radiation exposure and radon 
exhalation from building materials in Greece. J. Environ. Radioact., 69, pp. 225-240. 

32. Singh Surinder and Prasher Sangeeta, 2004. The etching and structural studies of gamma irradiated induced 
effects in CR-39 plastic track recorder. Nucl. Instrum. Meth. Phys. Research B, 222, pp. 518-524. 

33. ICRP, 1994, Publication (65) Protection against Radon-222 at Home and work. Barking, Essex, U. K: Elsevier 
Science, Ltd.; 1994. 



Impact Factor (JCC): 1.9845 



Index Copernicus Value (ICV): 3.0 



Determination of Radon Concentrations in Some Building Materials Using Passive Technique 



45 



34. EC, 1997. Radiation Protection. Reports Series No. 88. 

35. ICRP-1990, Publication (60), Recommendations of the International Commission on Radiological Protection, 
Radiation Protection, Elmsford, NY: Pergamon Press, Inc., 1990 



www.tjprc.org 



editor@tjprc.org 



